ach year 1.5 million people die of hemorrhage after traumatic injury, and bleeding remains the main cause of preventable death in both civilian and military environments. 1 In the United States and more recently the United Kingdom, the introduction of trauma networks has delivered measurable improvements in the survival of major trauma patients. 2, 3 During the recent conflicts in Iraq and Afghanistan, scrutiny of outcomes within deployed military health care systems has also confirmed incremental improvements in survival, year on year. 4 Improvements in military trauma care have occurred at all points along the chain of casualty care from point of wounding to rehabilitation, 5, 6 with widespread introduction of the principles of damage control resuscitation and surgery. 7, 8 Similar changes in management have occurred in civilian settings; however, data have recently emerged from US Level 1 trauma centers that suggest that, for some high-risk patients, outcomes may not have improved.
In 2002, Clarke et al. 9 reported the mortality rate of hypotensive trauma patients undergoing emergent laparotomy within an established US trauma system was 40%. They demonstrated the probability of death was proportional to the time to laparotomy (up to 90 minutes) and the degree of hypotension. In 2017, Harvin et al. 10 released data from 12 US Level 1 trauma centers that revealed the average mortality rate for a contemporary series of hypotensive patients undergoing laparotomy within 90 minutes was 46%. This thought-provoking study motivated us to define outcomes for hypotensive patients who underwent trauma laparotomy in two contemporary UK trauma systems: a deployed military combat casualty care system and a civilian major trauma center (MTC) in the United Kingdom's capital city.
METHODS
This was a review of two prospectively maintained trauma databases: the UK Joint Theatre Trauma Registry (JTTR) for the military cohort (February 4, 2003 , to September 21, 2014 and the trauma registry of the Royal London Hospital MTC (January 1, 2012, to January 1, 2017). Military patients were from the conflicts in Iraq and Afghanistan, treated in United Kingdom-led coalition medical treatment facilities. The civilian patients were from an urban MTC served by London's Air Ambulance, a physician-and paramedic-based prehospital helicopter emergency trauma service.
Both databases record patient demographics, injury details, admission physiology, utilization of fluid and blood products for resuscitation, surgical intervention, and survival outcomes. The databases were searched for the procedure "laparotomy." All adult patients who underwent emergent laparotomy were included. Data of patients undergoing laparotomy within 90 minutes of admission to the emergency department (ED) were analyzed as a subgroup according to Harvin and colleagues' 10 study protocol, with hypotension defined as a systolic blood pressure (SBP) of less than 90 mm Hg on ED admission.
Prehospital blood for transfusion was available in the military cohort from July 2008 and in the civilian cohort from March 2012. The military prehospital blood transfusion consisted of packed red blood cells (PRBCs) with plasma (fresh frozen plasma [FFP] ) in a 1:1 ratio to a maximum of eight units. In the civilian service, prehospital transfusion support was PRBCs only, each crew carrying 2 units. Each prehospital service developed protocolized transfusion triggers.
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Statistical Analysis
Normally distributed continuous data are reported as mean (with SD); skewed or ordinal data are reported as medians (with interquartile range [IQR]). A χ 2 or Fisher exact test was used for categorical data, and the unpaired t test or MannWhitney U test for normally distributed and nonparametric data, respectively. The Mantel-Haenszel test was used for trend analysis; p < 0.05 was considered statistically significant. Logistic regression analysis was used to identify independent predictors of mortality and estimate odds ratios. Variables with p < 0.1 on univariate analysis were included in the initial multivariable analysis. Nonlinear terms of the continuous covariates were tested and added to the multivariate model if found to be statistically significant. Backward model selection was used to remove insignificant terms until a final model was reached. Odds ratios and 95% confidence intervals are reported. Colinearity among continuous variables was tested using the variance inflation factor method. Year in cohort is defined as the year from the start of cohort data collection period, and severe traumatic brain injury is defined as an Abbreviated Injury Severity Score (ISS) Head of 4 or greater. Statistical analysis was performed using SPSS 25 (Chicago, IL) and R, R-3.5.0 (Vienna, Austria), through RStudio version 1.1.447 (Boston, MA) with car package.
The study was approved and registered with the Medical Directorate, Joint Medical Command, and the Audit Governance team at the Royal London Hospital.
RESULTS
The JTTR contained 9,538 casualties injured or killed during the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . Eight hundred twenty-one casualties (8.6%) underwent laparotomy within 90 minutes of admission to the ED. Emergency department SBP was not available for 60 (7.3%) of 821, leaving 761 available for analysis. Of the 761 casualties undergoing a laparotomy within 90 minutes of arrival to the ED, 490 (64%) were injured by gunshot, 240 (31.5%) by blast, and 24 (3.2%) by blunt mechanism (Table 1) .
Overall, mortality was 99 (13.0%) of 761; mortality for coalition troops was 26 (7.9%) of 329, compared with 73 (16.9%) of 432 noncoalition patients (p < 0.001). Survival for all patients having laparotomy within 90 minutes of arrival was 85% at the beginning of the study and 88% at the end of the study (p = 0.075). There were no significant differences in arrival SBP; however, ISS significantly increased over time from 19 (IQR, 9-28) in 2006 to 24 (IQR, 17-34) in 2014, p = 0.01.
Hypotension was present on arrival at the ED in 155 military patients (20.4%). Mortality was higher in hypotensive casualties (25.8% vs. 9.7%, p < 0.001). For the cohort of patients who were hypotensive on arrival at the ED, neither the average injury severity, the prehospital time, the ED arrival SBP, nor mortality changed significantly across the study period. The 3-year averages for these variables at the beginning of the study period versus the end of the study period are, respectively, (Table 2) .
Overall mortality was 44 (25%) of 176. Hypotension was present on arrival at the ED in 63 civilian patients (35.7%) (compared with 20.4% of military patients, p < 0.001). Mortality was higher in hypotensive patients (47.6% vs. 12.4% in normotensive patients; p < 0.001). As in the military cohort, neither mortality, prehospital time, ED arrival SBP, nor injury severity changed during the study period. The 2-year averages for these variables at the beginning of the study period versus the end of the study period are, respectively, ISS, 38 (20-48) versus 27 (17-46) (Fig. 1B) (Table 3) confirms that degree of hypotension at presentation, ISS, age, and female sex were each significantly associated with mortality. There was no discernible effect of patient cohort (military or civilian) on mortality once these significant variables were controlled for. Civilian patients, arriving alive, at the ED had higher in-hospital mortality compared with military casualties but were more severely injured and more shocked on arrival than military patients.
DISCUSSION
This current study confirms the previous observation that incremental improvements in survival have been achieved in coalition military casualties from 2003 to 2012. 4 However, despite improvements in survival overall, survival for military patients undergoing laparotomy who arrived hypotensive at the ED did not significantly change between 2007 and 2014, with the mortality rate remaining stubbornly around 26%. Similarly, the mortality rate at the Royal London MTC did not change significantly between 2012 and 2016, with an average mortality rate of 48%. These results mirror the recent study by Harvin et al. 10 and reinforce the unexpected finding that for the highest-risk patients mortality after laparotomy for trauma appears not to have improved significantly over the last many years.
The difference in "headline" mortality of 47% for civilians and 26% for the military cohort is striking. There are obvious differences in the trauma systems, wounding mechanisms, patients, and time periods from which the data were drawn. Military wounding mechanisms are typically of high energy, and combat wounds have high early lethality, with most deaths occurring prehospital. 13, 14 Additionally, soldiers have modified wounding patterns (and thus outcomes) due to personal protective equipment; in this study, mortality for coalition troops undergoing laparotomy was approximately half that of noncoalition patients without modern personal protective equipment. The prehospital environment is also dramatically different between these military and civilian cohorts; for example, all soldiers receive universal training in bystander trauma first aid ("buddybuddy aid"); wounds in survivors of combat injury disproportionately affect the extremities, and all service members are individually equipped with tourniquets and dressings. In addition, typically, military personnel on deployment are young and generally free from comorbidities, and all undergo physical conditioning.
Despite these differences in the patient cohorts, some findings remain particularly striking; for example, the proportion of patients arriving hypotensive at the ED was higher in the civilian cohort (36%) compared with the military cohort (20%). The multiple regression analysis attempted to control for important confounders and includes measurable variables. Almost certainly, there are unmeasured confounders between Year in cohort is defined as the year from the start of cohort data collection period. Severe traumatic brain injury is defined as an Abbreviated ISS Head of 4 or greater.
CI indicates confidence interval; OR, odds ratio.
the cohorts that are not accounted for in the multivariate analysis. Nonetheless, this study suggests that for hypotensive patients undergoing laparotomy within 90 minutes of ED arrival the key determinants of mortality for both cohorts are age, injury severity, and degree of hypotension; that female sex is associated with a poor outcome in our analysis is unexplained. Mortality within our British MTC for this group of patients (48%) is similar to the average rate of 46% published from the combined US Level 1 centers, which itself has remained unchanged across 20 years. One possible explanation for the absence of an apparent improvement in mortality in the civilian cohort is a selection bias that reserves laparotomy for the more severely injured and/or physiologically compromised. In the modern health service, patients who previously would have been managed by laparotomy may have both solid organ and penetrating injuries managed nonoperatively. In both cohorts, improvements in prehospital care, with improved prehospital resuscitation and transport times, lead to more severely injured patients arriving alive at the trauma center than previously, in effect recategorizing those who might have been "dead on arrival" to "postoperative mortality." [15] [16] [17] As "hypotensive resuscitation" becomes more nuanced and prehospital blood transfusion is utilized, patients responsive to blood transfusion may transition from the hypotensive group to the normotensive group by arrival at the ED. This circumstance could translate into nonfluid responders, with their highest mortality, remaining in the shocked group and the initial responders being assigned "normotensive" on arrival, thus diminishing survival overall for both the hypotensive and the normotensive groups, an inversion of the Will Rogers phenomenon. 18 As noted by Harvin et al., 10 civilian prehospital times were longer among patients who arrived hypotensive compared with those who were normotensive on arrival. Like Harvin et al., we have not investigated reasons for this. However, possible explanations include casualty entrapment or time spent on-scene for resuscitative interventions. In contrast, military prehospital times were almost identical between the two groups, likely indicating that the tactical situation and geography are the compelling determinants of military prehospital time.
We acknowledge this work has limitations, relying as it does on registry data and subject to the inaccuracies common to all such study designs. As a surrogate measure of accuracy of data capture between the military and civil trauma systems, we found 60 (7.3%) of 821 military patients did not have admission blood pressure recorded compared with 23 (11.5%) of 199 civilian patients (p = 0.0595). This study can only identify trends and associations and not establish causation. Elements of the methodology are replicated from Harvin and colleagues' 10 study to facilitate comparison between cohorts. However, definitions of hypotension, normotension, and a cutoff of 90 minutes to laparotomy from ED arrival do not fully define our patient populations; for example, time to death starts after injury and not arbitrarily after ED admission. A deficiency in our study is the absence of complete data on prehospital time; understanding of the temporal association of the injury to death and the outcomes of patients with excess mortality (such as patients with severe traumatic brain injury in addition to their abdominal injury) will enable us to better understand where the most pressing improvement challenges lie. The timings for which we do have more complete data, ED arrival to laparotomy, seem to offer opportunities for quality improvement; the time in the military setting was 25 and 35 minutes in hypotensive and nonhypotensive patients and 32 and 47 minutes in the civilian cohort.
CONCLUSIONS
Mortality for patients requiring laparotomy who are hypotensive on arrival at ED has not changed in recent years despite what we have widely considered as advances in "damage control resuscitation and surgery." Coalition military providers are proud to have contributed to improvements in outcome for their patients during the large-scale conflict in Iraq and Afghanistan, and there has been crossover in learning between military and civil sectors. However, history suggests that times of relative peace can lead to a reduction in focus on military trauma care, the so-called "Walker Dip." 19 Improvements are possible in all areas, from prevention and injury mitigation to decreasing prehospital times, improving prehospital and in-hospital resuscitation and surgery. Further improvements in prehospital and in-hospital data capture and further focused research are warranted. 
